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Higher consumption of extra-virgin olive oil is associated with a lower risk of osteoporosis-48 
INTRODUCTION 57
Osteoporosis is an age-related progressive bone condition characterised by bone mass loss and 58 reproducibility and validity were 0.71 (P-value: <0.001) in a population similar to the 141
PREDIMED participants.[22] 142
A validated 14-item MedDiet screener was also administered to assess the degree of adherence 143 to the MedDiet. [25] Two of the 14 items were related to olive oil intake. To control for the 144 overall dietary pattern, the 2 items related to olive oil were removed from the total score; thus, a 145 12-point score was used as covariate in the models. 146
Outcome. 147
All osteoporotic fractures were adjudicated according to the criteria defined by Warriner and co-148 workers including fractures scoring over 5, representing those more likely due to osteoporosis 149
This score consider fracture risk groups according to sex, age and race, and scored from 1 to 9 150 with higher scores representing those fractures most likely due to osteoporosis. December, 2010 were identified initially from a systematic, comprehensive and standardised 158 annual review of all outpatient and inpatient medical records of each participant. Information on 159 osteoporotic fractures was updated yearly using medical records. An independent researcher 160 confirmed all fracture events. 161
Statistical analyses. 162
Participants' baseline characteristics were described with means (SD) and percentages 163 (number). To take advantage of the yearly dietary assessments, we averaged the food 164 consumption from the baseline to the end of the follow-up or to the last follow-up FFQ before 165 the occurrence of fractures. Then, participants were categorized into tertiles of total olive oil, 166 EVOO or common olive oil consumption using the mean value of all FFQs from the beginning 167 to the last before the incidence of fracture or the end of follow-up in those not suffering afracture. Dietary variables were adjusted for total energy intake using the residuals method[30] 169 and they are presented in accordance with energy-adjusted tertiles of EVOO intake. Follow-up 170 time was estimated as the interval from the beginning of the study up to the date of fracture 171 events, death (for any reason) or end of follow-up, whichever came first. 172
The associations between energy-adjusted tertiles of total olive oil consumption or its different 173 subtypes and the risk of osteoporotic fractures were assessed using time-dependent multivariate 174
Cox proportional hazards models. We tested the proportionality of hazards with the use log-rank 175 test. Results are expressed as hazard ratios (HRs) and 95% confidence intervals (CI). MedDiet-Nuts groups respectively, using the control group as the reference. 208 Figure 1 shows the survival curve of osteoporotic fractures and the number of participants at 209 risk by energy-adjusted EVOO tertiles at different time points. Table 3 shows the HR and 95% 210
CIs for the association between total olive oil consumption and the specific subtypes and 211 osteoporosis-related fractures. Total olive oil and common olive oil consumption were not 212 associated with a lower risk of fractures despite a non-significant trend to a lower reduction of 213 bone fracture risk was observed in subjects allocated in the highest tertiles of total olive oil 214 consumption. In contrast, a 51% reduction in the risk of osteoporosis-related fractures was 215 The results of the sensitivity analysis were consistent with the general analysis. When earlyEVOO consumption was relatively 46% lower (HR: 0.54; 95% CI: 0.32 to 0.92, P for trend = 223 0.050) than the reference tertile. 224
DISCUSSION 225
The novel finding of this longitudinal study in an older Mediterranean population at high risk 226 for cardiovascular disease is that high EVOO consumption is associated with a reduced risk of 227 osteoporotic fractures, whereas a non-significant trend to a lower risk was also observed for 228 total olive oil consumption. 229
The prevalence of osteoporosis and osteoporosis-related fractures is highly variable within 230
European regions, with the lowest prevalence in the Mediterranean area.
[31] These differences 231 might be attributed to environmental factors and dietary regimens.[10-12,32] The MedDiet is 232 based on a combination of foods comprising a complex array of nutrients and bioactive 233 phytochemicals with anti-inflammatory, antioxidant and alkalinising properties that could all 234 contribute to bone health. Olive oil is one of the key foods in the MedDiet and its consumption 235 accounts for one to two thirds of total vegetable fat intake, where MUFA, in the form of oleic 236 acid, is the most abundant fatty acid consumed. In a cross-sectional study conducted in Greece, 237
MUFA intake was associated with a higher BMD.
[33] Another study conducted in adult Greek 238 women found higher total and spine BMD in those whose diet contained a combination of olive 239 oil and fish with little meat, but not in association with the full MedDiet pattern.
[34] A higher 240 dietary MUFA:PUFA ratio has also been related to a lower risk of osteoporotic-related fractures 241 produced by a same-level fall in elderly subjects. [ 
16] 242
However, in the present study, we found no associations of MUFA intake or the MUFA:PUFA 243 ratio with fracture risk. These differences might be due to our study population displaying 244 narrow ranges of MUFA intake and the MUFA:PUFA ratio compared to previous studies. In 245 fact, results from prior studies showed no significant protection against fractures from MUFA 246 intake or MUFA:PUFA ratios in the ranges of our study population. Moreover, the differences 247 in the risk of osteoporosis-related fractures between different types of olive oil observed in our 248 study cannot be explained by differences in its fatty acid profile, as the fatty acid composition isvariety of olives. [35] This suggests that other compounds present in olive oil, beyond the fatty 251 acid composition, might play an important role in bone health. 252
Common olive oil is a mixture of virgin and (usually) more than 80% of refined oil, with fewer 253 antioxidant and anti-inflammatory compounds. In contrast, EVOO is the best quality oil, 254 produced by mechanically pressing ripe olives, and contains the highest amounts of bioactive 255 and antioxidant components, such as polyphenols, that by different mechanisms might exert 256 favourable effects on bone metabolism. spine BMD compared to a control group.
[18] Similarly, in a prior PREDIMED sub-study, we 264 found higher serum levels of osteocalcin and the bone remodelling marker procollagen amino-265 terminal pro-peptide after 2 years of intervention with the MedDiet-EVOO compared to 266 theMedDiet-Nuts or the control diet.
[17] In contrast, we found no significant protective effect 267 on bone fractures in subjects allocated to the MedDiet-EVOO group compared to the control 268 diet, as would be initially expected. This apparent discrepancy could be explained because the 269 difference in the total consumption of either total olive oil or extra-virgin olive oil between 270 participants in the MedDiet-EVOO group or control group was substantially lower than 271 differences between tertiles of olive oil consumption, as participants had a high MedDiet score 272 at baseline with olive oil as the main culinary fat. It is also plausible that exposure time to the 273 intervention diets was not long enough to improve or delay the age-related changes in bone 274 structure. Thus far, no other studies have been conducted to assess the relationship between 275 olive oil consumption and bone-related markers. Our findings extend the potential beneficial 276 role of EVOO consumption demonstrated on bone biochemical markers to a lower risk ofbeneficial role of the phenolic compounds present in EVOO, as no association was found for the 279 common refined olive oil, which is depleted of these bioactive compounds. 280
The strengths of our study are a well-characterized cohort with long-term follow-up, controlled 281 by several potential confounders, the analysis of different varieties of olive oil and the use of 282 cumulative mean across all the available FFQs to improve the precision of the exposure. For 283 the fracture identification we used an objective score, however, this classification has some 284 potential limitations as was based on fracture categories identified by standard diagnostic codes 285 which identifies accurately a total of 94% of cases compared with the gold standard of medical 286 record review. [26] There are also limitations to our study. First, the generalizability of our 287 results may be limited, as the study population was made of older Mediterranean individuals at 288 high cardiovascular risk which increased their risk for osteoporotic fractures.
[40] Second, 289 because of the observational nature of the study, residual confounding remains a possibility 290 even though our analyses were extensively adjusted for a wide range of potential confounders. 291
Third, no bone biochemical markers or data on BMD were available. Fourth, due to the low 292 number of fractures and the relative small study size, we cannot exclude a potential beneficial 293 effect of total olive oil consumption on the risk of bone fractures as the hazard ratio clearly 294 indicates a lower risk, although not strong as for EVOO. Finally, although the FFQ used was 295 validated, measurement errors cannot be discarded, especially regarding the self-reporting of 296 different varieties of olive oil. Still, our findings are consistent with the potential beneficial 297 effects of olive oil on bone health previously described. 298
In summary, we found that greater consumption of EVOO is associated with a lower risk of 299 osteoporosis-related fractures in an older Mediterranean population at high cardiovascular risk. 300
Our findings highlight the consumption of EVOO, one of the key foods of the MedDiet, in the 301 prevention of osteoporosis-related fractures. 302
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